Due to symptom overlap across psychiatric diagnoses, accurately determining whether or not a mood disorder is present or absent in a youngster may be a difficult undertaking. For example, disruptive behaviors are commonly seen in young people with a variety of psychiatric conditions. Youths suffering from major depression or bipolar disorder may have significant difficulties with aggression (1) (2) (3) (4) . In aggressive youngsters, the focus of clinical attention may be directed toward the symptoms of aggression. For this reason, the presence of a mood disorder may be missed in these patients. Conversely, young people with attention-deficit/hyperactivity disorder (ADHD) who are not suffering from a mood disorder might appear unhappy and have difficulties with attention. Therefore, these youngsters may be misdiagnosed as suffering from a depressive illness. What further complicates an accurate diagnosis of a mood disorder in a child or teenager is the fact that high rates of co-morbid disruptive behavior disorders have been reported in young people suffering from affective illnesses (2, (5) (6) (7) .
For these reasons, a questionnaire that could be used to help delineate the presence or absence of a mood disorder in young people could be quite useful. The purpose of this study was to examine if an instrument that has been shown to have clinical utility in the assessments of adults with mood disorders, the General Behavior Inventory (GBI) (8) , could make meaningful distinctions between young patients with mood disorders from other groups of children and adolescents.
Methods Subjects
Eligible subjects were between the ages of 5 and 17 years (inclusive). Patients with a diagnosed or suspected pervasive developmental disorder (PDD), a psychiatric disorder due to a general medical condition, or evidence of mental retardation were not enrolled. Subjects were recruited for this protocol from an urban, university based division of child and adolescent psychiatry. Subjects were recruited from intake telephone calls placed to the division who expressed interest in participating in a research program. There are two research infrastructures within the division. One is a pediatric bipolar clinical research center (CRC). Patients seen within the auspices of the CRC are patients with bipolar spectrum disorder or youths who are at genetic high risk for developing the condition. In addition, the CRC actively recruits youths without psychiatric diagnoses to serve as research subjects. The other infrastructure is a pediatric psychopharmacology clinical trials infrastructure that recruits patients with a variety of different disorders.
The Institutional Review Board for Human Investigation of the University Hospitals of Cleveland approved the procedures of this protocol. Guardians of all subjects provided written informed consent for participation in this study. All youths provided assent.
Diagnosis
Diagnoses were made based on the results of a semi-structured diagnostic assessment. Both patients and their parent(s) were interviewed with either the Schedule for Affective Disorders and Schizophrenia for School-Age Children -Epidemiologic version (K-SADS-E) or the -Present and Lifetime version (K-SADS-PL) (9) . The K-SADS assessment was administered by a child and adolescent psychiatrist or by one of 11 highly trained research assistants. Research assistants generally had at least 2 months of training prior to independently administering the K-SADS. Six of the research assistants had Master's degrees and five of the research assistants had Bachelor's degrees. Inter-rater reliability was established by having all research assistants trained to reach an overall kappa exceeding 0.85 over five interviews with an experienced rater prior to being able to independently interview youths and their families. Because many of these youths participated in pharmacological treatment studies, a child and adolescent psychiatrist confirmed the diagnoses based on the K-SADS interview in 48.5% of the patients. If discrepant K-SADS diagnoses were reached, the physician and rater would have a consensus meeting in which final diagnoses were assigned. Although a specific screen for PDDs was not employed, non-verbal, poorly related youths were subsequently referred to study physicians in order to assess for the possibility of a PDD. The results of all K-SADS interviews were also reviewed at regularly scheduled research meetings by the principal investigator (RLF).
Based on the results of the diagnostic assessments, youths were assigned to one of four diagnostic groups. Youths meeting diagnostic symptom criteria for a diagnosis of bipolar I disorder, bipolar II disorder, cyclothymia, or bipolar disorder not otherwise specified were placed into the 'bipolar' group. Youths with bipolar spectrum disorders who also met diagnostic criteria for disruptive behavior disorders during identified periods of euthymia were also placed into this group. Patients assigned to the 'unipolar' group currently met diagnostic symptom criteria for a diagnosis of major depressive disorder and depressive disorder not otherwise specified. Patients in the unipolar group could also meet diagnostic symptom criteria for a co-morbid disruptive behavior disorder during periods of neutral mood. Those youths who did not suffer from a mood disorder and who had a diagnosis of ADHD, oppositional defiant disorder, or conduct disorder were included in the 'disruptive' group. Youths who did not meet diagnostic symptom criteria for any axis I disorder were placed into the 'no diagnosis' category.
Measure of interest
The GBI is an extensively validated questionnaire that is designed to assess for symptoms of depression and mania/hypomania (8) . In adults, the GBI has been shown to have good discriminative validity and excellent reliability (10) (11) (12) (13) . There are also data to suggest that the GBI has good validity as a self-report measure in adolescents (14, 15) . In addition, a slightly modified version of the GBI has shown promise as a parent-report measure of mood symptomatology in child and adolescent populations (16) .
The GBI includes 73 Likert-type items reflective of mood symptomatology. Each item is rated on a four-point scale. When originally published, items on the GBI were given values of 1-4 and were scored on a 'case scoring' format. Symptoms that were rated as '1' or '2' were considered to be 'absent'. Items scored as '3' or '4' were considered to be 'present'. However, the authors of the GBI suggested that if the instrument was to be used in a Likert-like fashion (e.g., each item could receive one of four scores), that items on the questionnaire should be scaled from 0 to 3 instead of from 1 to 4 (10) . For this reason, it was decided to score the GBI based on the Likert scaling and not employ 'case scoring'. In this study, a score of '0' on a GBI item signified that the symptom in question was 'never or hardly ever' present. A score of '3' indicated that the symptom was 'often or almost constantly' manifest. Higher scores are indicative of greater degrees of psychopathology.
The primary caregiver of eligible youths were asked to complete the GBI as part of the young person's routine screening assessments. Adolescents aged 10-17 years were also asked to complete the GBI as a self-report measure. Ten years was chosen as the youngest age at which youth self-report on the GBI was obtained because it was felt that these were the youngest patients who could reliably understand the questions from the instrument. If there were concerns about a youth's reading ability, a member of the research team read items from the GBI to the teenagers.
The parent-completed version of the GBI was modified slightly so that the items on the GBI referred to the youth. Otherwise, the items on the GBI were unchanged and were kept in their original sequence. The same version of the parent-completed GBI was used for all subjects (children and adolescents). This was a conservative strategy, trying to preserve the original format of the validated adult version. However, response rates for individual items were examined due to concerns about the potential developmental appropriateness of item content across the broad age span of subjects. Parents typically responded to all items on the GBI. However, the most likely questions that were omitted by the guardians pertained to their child's/ teenager's sexual functioning. Questionnaires with valid responses to at least 95% of the items were included in the statistical analyses. Typical items from the GBI and the parent-completed GBI are presented in Table 1 .
Based on prior investigations, the items on the GBI were grouped into two scales (10, 14, 16) . The Depressive Symptoms scale consists of 46 items with an alpha exceeding 0.97 when used as a parent-report measure. When utilized as an adolescent self-report measure, it has an alpha exceeding 0.96. The Hypomanic/Biphasic scale consists of 28 items (one of which is also included in the Depressive Symptoms scale). When used as a parent-report measure, the Hypomanic/Biphasic scale has an alpha of 0.96 (16) . As an adolescent self-report measure, the Hypomanic/Biphasic scale has an alpha of 0.94 (14) .
The GBI was administered to both the parent and the youth during the assessment process. Of note, the person performing the K-SADS interview did not have access to the results of the GBI prior to making a diagnosis.
Data analysis
Potential age effects were assessed at both the scale and item level. The correlations between age and scale or item scores were examined. A Bonferroni correction was used in conjunction with the item analyses to control type I error rate at 0.05 for 73 comparisons.
Correlations between parent and youth reports on the GBI were assessed using Pearson's correlation coefficients. Differences between means were compared with paired t-tests.
Logistic regression analysis (17) was employed in order to determine whether adding youth self-report data from the GBI reliably improved diagnostic decisions. Several regressions were run, collapsing the diagnostic groups into specific comparisons of clinical interest. The regression models began by predicting diagnostic groups using one scale from the parent-rated GBI. The parent Hypomanic/Biphasic scale was the first choice for discriminations involving bipolar spectrum disor- Table 1 . Sample items from the General Behavior Inventory
Original self-report version a. Have you ever been sad, depressed, or irritable for several days or more without really understanding why? b. Have people said you looked sad or lonely? c. Have there been periods of several days or more when your friends or family told you that you seemed unusually happy or high -clearly different from your usual self or from a typical good mood? d. Have there been times of several days or more when you did not feel the need for sleep and were able to stay awake and alert for much longer than usual because you were full of energy?
Modified parent-completed version a. Have there been times of several days or more when your child was so sad that it was quite painful for him/ her, or he/she felt that he/she couldn't stand it? b. Has your child had periods when he/she was so down that he/she found it hard to start talking or that talking took too much energy? c. Have there been times when your child had a strong urge to do something mischievous, destructive, risky, or shocking? d. Has your child had times when his/her thoughts and ideas come so fast that he/she couldn't get them all out, or they came so quickly others complained that they couldn't keep up with your child's ideas?
ders. The parent-rated GBI Depression scale was the first choice for models classifying any mood disorder versus no diagnosis or versus a primary disruptive behavior diagnosis. These selections were made on conceptual grounds (e.g., it is the hypomanic and biphasic symptoms, and not the depressive symptoms, that would be expected to discriminate between bipolar versus unipolar spectrum disorders). Additionally, the choice of scales has been supported by prior research (14, 16) . After controlling for the parent GBI variable, a forward stepwise entry procedure (based on conditional probability, with pB0.05 as the entry criterion) tested whether either of the adolescent self-report GBI scales or the remaining parent scale made a significant contribution to discriminating between diagnostic groups. These analyses are partially redundant with other analyses that are based on these data (14, 16) . However, the previously reported work differed from this study in two important ways. First, the prior analyses considered adolescent and parent reports separately and did not attempt to combine the two. In addition, previous reports employed both the Depression and Hypomanic/ Biphasic scale results in combination and not as separate scales.
In order to develop optimized cutting scores to fit the present sample, the following were calculated: sensitivity (i.e., the probability that a person with a mood disorder would score higher than threshold on the Depression scale, or that someone with a bipolar disorder would exceed threshold on the Hypomanic/Biphasic scale), specificity (i.e., the probability that someone without the disorder would score below the proposed threshold on the scale), positive predictive value (PPV; the probability that someone scoring higher than the GBI threshold actually has the disorder), and negative predictive value (NPV; the probability that someone scoring below the threshold truly does not have the disorder). Since investigators or clinicians, at times, may have different goals for using the GBI, two sets of cutting scores were developed based on the present sample. One was intended to achieve a sensitivity of at least 90%, and the other was intended to achieve a specificity of at least 90%.
In addition, receiver operating characteristic (ROC) curves were generated and areas under these curves (AUCs) were calculated in order to assess the ability of the GBI to discriminate between subject groups. ROC entails plotting the balance between the sensitivity and specificity of a diagnostic test while systematically moving the cut score across its full range of values. The accuracy of a ROC can be quantified by calculating the AUC. Chance diagnostic performance corresponds to an AUC of 0.50, whereas an AUC of 1.0 indicates perfect diagnostic performance. The AUC is independent of cut score and does not assume that the underlying score distributions are normal. It is interpreted in terms of two children: one drawn randomly from the distribution of children with the target disorder and one selected randomly form the population of children without the problem. The AUC is the probability of the test correctly ranking the children in to their appropriate diagnostic groups. AUCs between 0.50 and 0.70 are characterized as showing low accuracy, 0.70-0.90 represent medium accuracy, and 0.90 -1.00 denote high accuracy.
Averages are presented as means (standard deviations) unless otherwise noted. An analysis with the result of p50.05 was considered statistically significant. As this was not a confirmatory study, a Bonferroni correction was not employed.
Results

Subjects
There were 196 youths between the ages of 5 and 17 years with a mean age of 10.3 (3.1) years who participated in this study. Seventy percent (n= 138) of the subjects were males. Regarding race, 83.2% (n=163) of the subjects were Caucasian, 11.7% (n=23) of the subjects were African-American, and the rest of the patients were from other ethnicities. Further information regarding the study subjects can be found in Table 2 . Six subjects had a primary diagnosis that did not fit into any of the diagnostic categories considered in this study. The primary diagnosis of these six youths included psychotic, anxiety, or adjustment disorders. The data for these six youths were not included in GBI analyses. Fifty-five subjects had a GBI completed by both the subject and the subject's guardian. There were no differences on the GBI scales for either mean scores (all t-tests non-significant, p\ 0.10) or variance (all Levene's F-tests non-significant, p\ 0.05) when subjects diagnosed with the K-SADS-E were compared to those diagnosed with the K-SADS-PL.
As noted in other cohorts (see above), psychiatric co-morbidity was common in these young patients. Over half of the subjects (52.6%) met diagnostic symptom criteria for more than one axis I disorder. For patients with mood disorders, ADHD was the most common secondary diagnosis. Sixty percent of youths from the bipolar group (42/70) met diagnostic symptom criteria for ADHD during periods of euthymia. For patients in the unipolar group, 39% of youths (12/31) also met diagnostic criteria for ADHD. Four of the six patients with a primary diagnosis of oppositional defiant disorder or conduct disorder were also found to suffer from co-morbid ADHD.
Age differences
There were no significant associations (pB0.05) between participant's age and their scores on the GBI scales. After Bonferroni correction, only one item had a statistically significant age effect. Parents reported more increased need for sleep in older adolescents (r=0.30). Of note, the two items with sexual content were those most likely to be omitted, and they were more likely to be omitted in older subjects. In other words, parents of young children were more likely to report on these items whereas parents of teenagers were more likely to omit these items (although more than 90% of parents still answered them).
Parent-child agreement on mood symptoms
There were no significant differences on the GBI scores in terms of means [p\0.05 for all t-tests, not significant (ns)] or standard deviations (p\ 0.05 for all Levene's F-tests, ns) for the cases assessed with the K-SADS-E versus the K-SADS-PL. For the 55 adolescents with both self-report and parent-completed GBIs, parents and teenagers showed significant agreement about both depressive symptoms (r= 0.44, p= 0.001) and hypomanic/biphasic symptoms (r= 0.41, p = 0.002). Parents and teenagers reported similar degrees of mood symptomatology. For depressive symptoms, the mean GBI score for the parents was 32.6 (27.3) and for the adolescents it was 33.2 (25.1). The averages of these scores were not significantly different from each other (t=0.17, df=54, ns). For hypomanic/biphasic GBI-reported symptoms, the mean parent score was 21.9 (20.0) and the average score from the adolescents was 21.0 (15.3). As with the depressive symptoms, these means were also not significantly different from each other (t= 0.33, df=54, ns). Intra-class correlation coefficients for absolute agreement (18) were comparable to the Pearson correlations: for depressive symptoms, parents and youths agreed 0.46, and 0.41 for hypomanic/biphasic symptoms.
Is there value from combining data from multiple informants?
Results from the logistic regression analysis are presented in Table 3 . For all of the six analyses, the chosen parent GBI scale classified youths significantly better than chance, with Nagelkerke R 2 ranging from 0.46 to 0.77 and overall classification rates ranging from 79 to 94%. Interestingly, the second parent GBI scale never contributed significant additional information.
The two adolescent self-report scales also did not generally provide significant improvements in prediction, with two exceptions. The Hypomanic/ Biphasic scale significantly improved the discrimination between bipolar spectrum versus all other disorders, with a change in one subject's classification. In the other exception, the bipolar spectrum versus disruptive behavior disorder classification improved from 79 to 87% as a result of correction of three cases.
Comparisons of different cut scores
When evaluating whether or not any mood disorder was present, the AUC derived from ROC analysis on the parent report version of the GBI was 0.88 [standard error (SE)=0.03, pB 0.0005]. On the youth self-report version of the GBI, the AUC was 0.82 (SE=0.06, p\0.0005). When examining if a bipolar disorder was present or absent, the AUC on the parent report GBI was 0.88 (SE =0.02, pB0.0005), and for youths reporting about themselves on the GBI, it was 0.82 (SE= 0.06, pB0.0005). Table 4 presents diagnostic efficiency of statistics for several different possible cutting scores. Data are presented separately for the parent-and youthreported GBIs, as relatively little information was gained by adding youth-reported GBIs when parent reports are available. Youth report data are also provided for clinicians for those instances in which parent reports are not readily available.
Based on these data, classifying a youth with Hypomanic/Biphasic scores of 17 or higher on the parent GBI would detect 90% of those youths with a bipolar spectrum disorder, but would erroneously identify about a third of youths without bipolar spectrum disorders. Alternatively, setting the cutting score at 36 or higher on the parent GBI would correctly identify 90% of those youths without bipolar spectrum disorders while still accurately identifying about 60% of youths with bipolar spectrum disorders.
Discussion
This study represents the first attempt to evaluate the clinical utility of the GBI in children and adolescents. The results of this work suggest that the GBI might be a useful tool in the assessment of depression and bipolar spectrum disorders in young people.
Youths and their parents do not always agree upon whether certain psychiatric symptoms are present or absent for the young person in question (19) (20) (21) . However, parent-subject agreement about depressive and hypomanic/biphasic symptoms was substantially higher on the GBI than was expected. The correlation coefficients (r) on both scales of the GBI were found to be greater than 0.4. Based on previously reported results (22) , such correlations are expected to be significantly below this. Although there was clear variability across the two sources of information on the GBI, it is likely that the good reliability and content validity of the GBI scales contributed to these above average levels of inter-respondent agreement. In addition, most behavior checklists include items from a variety of domains. It is possible that the high level of concordance that was observed may be a reflection of the focused content of the GBI.
Based on these data, it appears that parent report on the GBI is diagnostically informative. Parent report appears similarly efficient in adolescents as in younger children. This is important when assessing young children for whom issues of reading ability and cognitive development would preclude the use of a self-report questionnaire. Although adolescent self-report on the GBI possesses good diagnostic efficiency in its own right (14) , the adolescent-completed GBI does not appear to offer much incremental value when a parent report is available.
When the GBI is employed as a self-report measure and a 'case scoring' method is implemented, it has been proposed (8) that cutting scores of 13+ for hypomanic/biphasic symptoms and scores of +22 for depressive symptoms be used for adults. However, when these scoring methods were employed in this cohort, they did not provide optimal results (Table 5 ). The data from this current study suggest that Likert scoring and different cut scores should be utilized in children and adolescents.
The GBI scales were found to have both acceptable sensitivity and specificity when the cut scores that are proposed herein are used ( Table 4) . The Depression and Hypomanic/Biphasic subscales also showed good PPV and NPV. PPV and NPV are probably of greater practical value than sensitivity and specificity because they both reflect the probability of making a correct diagnostic decision based on the proposed cutting score. The cut scores with high sensitivity would be most appropriate for screening applications where more specific measures could then be used to confirm or refute a formal diagnosis. The highly specific cutting scores are likely to miss most cases with the disorder, but they will likely be effective in identifying samples that are most likely to be suffering from mood disorders. There are two ways that these findings might eventually be applied to other cohorts in research and clinical settings. One would be to use the logistic regression weights to calculate the probability that a specific individual is presenting with a bipolar spectrum disorder based on their GBI scores. The alternative to using logistic regression weights is to pick a set of cutting scores in order to make classification decisions.
There are several key strengths associated with a logistic regression approach. First, logistic regression analysis makes the greatest use of available information for each individual. In addition, logistic regression analysis allows for greater flexibility about making interpretive decisions. Another possible strength of regression equations is that they do not need to be modified when trying to assess for the presence or absence of different types of disorders. Instead, levels of probability can be determined. However, there are limitations to the application of a logistic regression approach. First, some practitioners may not be familiar with the practical applications of logistic regression coefficients. In addition, when employing logistic regression weights, a computer or scientific calculator is necessary in order to estimate odds ratios and probability for specific cases.
Advantages of the cut score approach include its convenience of calculation and ease of interpretation. Different sets of cut scores are provided in this report so that they might be used to give relatively high specificity or sensitivity, as needed. Limitations of the cutting scores include similar issues of generalizability that also affect logistic regression. The appropriateness of the cutting scores that are suggested in this study depends on the similarity of subsequent cohorts to the sample used here. Some measures of diagnostic efficiency, such as the sensitivity and specificity, are theoretically independent of the base rate of diagnoses. However, the predictive value of different cutting scores depends heavily on the base rate of the disorders in question. It is possible to estimate new values for PPV and NPV using the sensitivity, specificity, and base rate (23) , but the calculations would negate much of the convenience in using a cut score approach. An additional problem to cut scores is that cut scores are static. When relying on published recommendations, it is not clear how to adjust cutting scores in order to address specific needs for greater diagnostic sensitivity or specificity. Finally, there is the counter-intuitive problem that most individuals scoring right at the diagnostic threshold will not actually have the disorder (24) unless the base rate of the disorder is exceptionally high.
There are several limitations to this work. First, as this is the first study that has examined the clinical utility of the GBI in the young, this research needs to be replicated. In addition, this study was conducted under the auspices of two clinical research programs. Therefore, the ability to generalize these results to other clinical settings remains to be studied. Furthermore, not all subjects were diagnosed by a physician/clinician. The logistic regression coefficients in particular would benefit from cross-validation, as coefficients typically perform better in the original sample than they do in new groups. In addition, this study used a relatively small sample size. Furthermore, this work did not include youths with primary diagnoses of anxiety or psychotic disorders. Therefore, the utility of the GBI in other patient populations needs to be studied. In addition, self-report data were collected for less than half of the cohort.
Another limitation is the length of the GBI. However, the relatively large number of items may contribute to its excellent psychometric properties. Further research should address the possibility of developing a comparatively valid, but shorter set of scales.
The GBI scales showed good PPV and NPV in this cohort. Whereas specificity and sensitivity are theoretically unaffected by base rates, both PPV and NPV are highly dependent on the base rate of the disorders in question (23) . The base rates of mood disorders exceeded 50% in the present sample, and more than a third of the participants had a bipolar spectrum diagnosis. These rates are higher than would typically be observed in community based clinical samples of youths. Both PPV and NPV can be recalculated depending upon the base rates for different conditions within a specific setting. As the base rate decreases, the NPV increases rapidly. Smaller base rates, however, pose a greater problem for PPV. If fewer patients at a given site have a bipolar disorder, a larger percentage of 'false positives' may be identified with the GBI.
Conclusion
The results of this study suggest that the GBI could be a clinically useful instrument. It appears that the GBI may be best utilized when assessing for the presence or absence of mood disorders, including bipolar spectrum disorders. In general, the GBI appears to be more specific than sensitive across the range of scores, making it a more powerful tool for ruling bipolar spectrum disorders 'out' rather than screening for them. Thresholds low enough to detect most cases with bipolar disorders (e.g., sensitivity exceeding 0.90) may misidentify a large number of youths without bipolar disorder.
The results of this study should not be interpreted as suggesting that the GBI should be used in isolation as a diagnostic instrument. Instead, it appears that the GBI, whether completed by a parent or a youngster, can provide valuable information. Further study with the GBI will clarify how this instrument may be best employed. As the GBI is over 70 items long, an abbreviated version of the questionnaire that retains this instrument's excellent psychometric properties might eventually prove to be even more useful. 
